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Based on the known properties of DOWTHERM A and itL use pattern,

|} an analysis of the potential impact of this heat exchange fluicd

g on the environment was made.
present use will tolerate a slow leak (25 1lbs/day) into a stream

which has a minimum flow rate of approximately 200 cubic feet/

second. Fail safe conditions should be instailed at the site to

prevent accidental spills of large quantxtxes into the stream.

Characteristics of this product xncludzng bxodegradabllxty and a
sufficiently low partition-coefficient to preclude bicaccumulatio
suggest that it is a safe ecological material when used appro- - -
priately. The ecological hazaré that may be incurred with DOW--

THERM A appears to be much smaller -than that incurred with poly-

chlorinated biphenyls. In-view of ‘these findings and a demand
for a replacement for the PCBs we :ecommend that the follouan

RETUKE PUmPRA

The results would indicate that its

work be undertaken.,
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1. Establish the movement of th1s mater1a1 in the envxronment
1:5<xper1menta11y. . - - LR
N&}Zﬁ Study the metabolism and accumulatxon pattern cf DONTHERM A,

- \egsxn aquatic speices and compare it with PCB. CLmite-
QZJ?urther recomuendations are made 1n the teport. Q,V, s
\
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DOWTHERM A AND THE ENVIRONMENT

INTRODUCTION

DOWTHBRME A, a eutectic mixture of diphenyl (DP) and di-
phenyl oxide (DPO), is an industrial heat transfer agent. Cu
rently, there is considerable pressure to discontinue the use
the principal competitor, the polychlorinated biphenyls (PCBs
Because the use of PCBs is under firel questions concerning t
environmental hazards that may be incurred with the use of DO
THERM A are being asked. The purposes of this report are as
follows: 1. to develop a model which may aid in integrating
data and predicting the environmental hazard, 2. to summariz
the available data relevant to answering these questions, and

3. to suggest additional studies which are needed to support
continued use of DOWTHERM A.
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Exchanqeable'
Alr Compartments

& > Air Sink
@ ., i
: ' N\
Water Sink €é———-Water &————2 Soil—> Soil Sink
Exchangeable Exchangeable

Water Water
Compartments Compartments

In this equation, it is assumed that exchange and equilibra-
tions of an agent occurs between three major compartments shown
at the vertices of the triangle--air, water, and soil. The chemi-
cal may exit these compartments by physical or chemicai deactiva-
tion. This is represented by a one-ﬁay arrow from the major com-
partments into a sink. Of course, it should be recognized that
the single sink indicated in Equation 1 for deactivation may re-
present multiple methods for deactivation. The exchangeable com-

rtments in air, water, and soil represent exchanges between
different components within the major compartments. For example,
exchanges between different types of soil, exchanges between par-
ticles suspended in either air or water. These exchangeable com-
partments may be and are very likely to be numerous.

The next section will collect together the known properties
of DOWTHERM A which will be matched to this model. This will
allow an evaluation of the need for additional data.

III. SUMMARY OF AVAILABLE DATA

A. Chemical and Physical Properties

DCATHERM A is a eutectic mixture of diphenyl (26-27%) and di-
!anyl oxide (73-747). The hand sheets prepared by the Thermal -
Laboratory provide the following information for these com .
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_,.., Biolocxcal Oxycen Demand (BOD)’ and ‘Carbon Oxyoen Demrnd
(COD) of DOWTHERM A.? - In considerxng th renviromental hazard of

DOlﬂ'Ht-:RM A, it is important to deterzni.neévhether i.t is degradable
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in the enviromner.t. ~ Data supporting the degradability of
A in ‘the enviroment are as follows: =*.1-% - The BOD for diphenyl %
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‘after Se- 10. and 20 days incubation vere 0.08 2 13, and 2.33 re-
.rpectively. ‘rheoretically, the BOD for this cotupound would be 3.01
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2 The BAD for diphenyl oxide at the same, time intervals were 2.00 -
2 01. and 2 16 respectively. Theo-ctically, the BOD for . diphenyl
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- axide uould bd 2.64. 3 .The con for diphenyl'ow de after 10 days.I;
f incubationﬁhs 2 19 while the theoretical COD - is 2 64 '
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. _The BOD- values for diphenyl and diphenyl nxide and the COoD

. value for diphenyl oxxde suggest that these compounds are sus-—
ceptible to oxidation (degradation) by bacteria and by dlchromate._
In the case o( dipuenyl the low value after 5 days of incubition
and a subsequcnt hiqh value after 10 days suggests that bacteria
may. Be induced to more : eff1c1cntly oxidize diphenyl .<“
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fg}S,” Other Data for Assessing: the Fate of DOWTHERM A in the I

'q-.vironment. The following 1nfomation characterizing the bio-
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gradnbility of DOWTHERM A has been :ep?:éﬁe&m e
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T 1. Twenty—eight days after prepar 1ng a system (closed to the:
;.a1r) containing 10 ppm DOWTHERM A and nonsterile’ Kaukawlin loamy
:'so1l 0. 2% of the diphenyi and 23% of the.diphenyl oxide remained.
.In this case, it appears that diphenyl wasg more susceptible Lo -
oegradation. Since only 68% end 57% of the diphenyl - oxide and
diphenyl were recoverable imnsdiately following mixing, it appeacs
that thesc agents are tenaciously bound to components of the soil., .
_ 2. No DOWTHERM A was recovered after 66 hours of.incubation 'f

from ‘a closed system which initially contained a l 20 dilution of

aromatic acclimated sludge and 50 ppm DOWTHERM A. _ .

yE_ 3. Within 48 hours. a species of Pacudomonas izolated from
vthp Dow phenol return sludge degraded all of the DOWTHERM A in a
closed system which 1n1t1ally contained 100 ppm DOHTHERH A. The
| henyl oxide disappeared faster than diphenyl ‘
..;4. No signlfzcant ~oss of DOWTHERM A occurred in a aystem
containing Tittabawacc‘c};1Verrwater collected qbgve,thegﬂﬁsjf\h‘(J
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bacterial count 1 x 10 /ml in { S 01d nbt change durxng
the lncubatx‘on. . However, the type c.f organlsxu-.r‘hanqed suggestu.
* that DOHTHERx A selectxvely inhibics certain bacterla._ After.5
‘days of xncubatlon, 20% of the dlphenyl oxide and 35% dxphenyl
were recovered from a closed sys* '_uuaznlng nonsterlle bottom
ediment obtained from the Titabawzssee River above the plant

‘site and SO ppm DOWTHERM A. The 13 opcrtlon of the loss which
»:may have been caused by bxndxng to the sedlment was not determined.
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%J;“Qﬂ Thc 1nformatlon summarxzed above Lndxcates that DOWTHERM A

15 cegradable and suggests thc ablllty of a system to degrade,pv
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-DOWTHERH A may bg‘lnduced B Prellmxnary evxdence sué&ests that";f
e suffxcxently '

p  emew ‘.

:’a naive inoculum may take up to 2 montﬁ ‘to acclxmat

to sxgnzflcantly degraoe DOWTHERM A. llﬁlin addxtxoh tb deqraddtxon
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bzﬁdxng to *omponents of 5011 contrlbutes to the loas of DOWTHERﬂ

- A from wvarious systems The steady state level of such bxndxng

- has not been detern;ned It was found that a portlon of the DOh' .
THERM A bound to soxl can not be extra»te¢ with hexane. Whether
all of the DOWTHBRH A bound tc s0il can be removed or whether 1c

_'_,. S g 1,._...»1 ——

- is susceptible to bacterlal attack ls unknown S T
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g . within 24 hours, DOWTHERH.A disappeared ffoﬁ ah opeﬂwFQStemg
contalnlng either sterile or nonsterile water and 20 pPpm DOWTHERM
A. Tnis suggests that DOWTHEPM A in an aqueous environment quickly
volatilizes. Therefore, it may be important to determine the UV

degracdation ot TZOWTHERM A.
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" IV. RESULTS AND DISCUSSION
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It is impdssible to obtain suffiéignt data to adequately’

define the model described earlier for any agent. However, we

may examine the movement or steady state distribution of a chemi-

cal between portions ©f the model. Fo{-example, the distribution

of the components of DOWTHERM A between water and air ma
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‘1971The vapor pressure of dlphenyl and dlphenyl o&xde 15'9 75 x .
‘llof? and 1.87{' x 10™ -2 o Hg respectlvely., Theréfore the concentra-i:

-. 7 . ,’ ...h ::A
tion of these materxals, in air at saturatxon ;can be calcu]atcd :-?

from the gas equatzon' n/v = P/RT.. If n/V zs expressed as moles/l
Pfas wmu Hg, and T as absolute degrees, R wzll be 62“ For d1pheny1

the oncentratxon 1n saturated air- at 25°C wxll be 5.r7 x- 10 7

molea/i or 0. 081 ug/ml.~ For dlphenyl ox;de, the concentratlon ENEA
will 'be 1.0 x m’6 moles/l or 0.172 ug/ml., R R
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ﬁ}p The ceﬁcentrat eh;efmexphenyl and. d1phenyl oxféé in; water”“ i;;
,_at saturatleg‘are:ﬁg;ensk21 uq/n}.f Aﬁ”gggféklﬁéée part}tloh eoeff:g
fxczent for drbheﬁylxgegjeen Qater;aeqﬁévaaccord1n§i§ ;5‘75/0 ds?gi
- or 940 In e.sxmxler ;;nnerfe;velee 55} g;;ﬁe;yi-oxxde is. caléGifigf
ltted to be 122 Ha&;ier}g”gsgwgeeentii’madenéﬁ;q§£;ehé;iCUIeéiagi:3

_.,"J s e [ £ea .

for a serxes of pestl:ldes. DP. and DPO have values sxmllar'to eif*ft
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bromochloropropane and Eptam, respectxvely, both of whxch have knoén'

s

o The culculaflons ]ust presentxd suggest tﬁat DONTHERH A wlll Dt
qulte readily lost from water £ z.nr~7t The rate'or loss will be .

increased by turbulence.‘ This hypotheszs is substantlated by the

P TR

finding that within 24 hours all of the DOWTHERH A dzsappearedvi;

from a water solution contalned in an open shake flask 9 and bj"*'f'

L

the finding of the Waste Control Laboratory. '?'f7
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Avallable data do not allow much speculatlon about the dlsttl—
buthﬂ of DOWTHERM A between soil and water. The data do lndlcate;'
that the partitioning of. DOWTHE R A between s011 and water favors ..
distribution to the 501‘ Indeed, 'a portxon of the DOWTHERM A may
be 1rrever31bly bound to components 1n the 5011 ". ,,;. ST

nel Lo .

051ng the avallable 1nfornatlon,’the effects that m2y be Ln-:*
rred w1th a slow leakage of DOWTHERM_A_}nto a tllet or & massxve

spill of DOWTHERM A znto a rxver may be hypotheszzed Assuming
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25 lbs/day DOWTHERM A enters ‘a rxver w;th a flow rate of 300 cfs.
The concentration of DOW'I‘HERM A would be 0 Q015 ppm, well below.
the.96 hour no‘gffect level in fish. The concentratior would be
even lower than this value bccause partitioning as discussecd abcve
would occur. The rate of clearance from the tottom mud will de-
lpend'on thé microflora present. As previously indicated, the
metabollsm of DOWTHERM A by microflora in the mud may be 1nduced
by pers1stent exposure to DOWTHERM A. Currently, information con-
; cernxng the fate of DOWTHERM A lost to air ls unknowri. In con-

clusxon, 1t is not lxkely that a 1eak llke that cescrxbec wouwld

“h-:AE{WLII DOWTHERM A bloconcentrate’ As lndlca;ed 10 the data

'.n —‘3 .

;‘sectlon there are suggest ons that DOWTHERM A concentrates in

T flsh however, the relxabxlzty of the lnformatlon is questlonable.
Even 1f DOWTHERM A xs not metab0117ed it would not be expected

) to b:Lomagn:Lfy to the same oeoree as DDT And PCB. 'I‘he parru’uon.
. data 1n Table III indicates that the probabllltv of DOWTHERM A

accumulatlng in the fat of a partxcular spec1es is much smaller
than the probability of DDT and PCE accumulatlnc in fat. In addi-
tion to the partitioning factor, the ablllty ot DOWTHER®M A to be
degraded is much hlgher than the other two materials. Both of thesc
'characterlstlcs will decrease the tendency of ciphenyl and diphenyl

. oxide to accumulate and’ be magnified in a food chain situation.

S . ) - - - -

TABLE 171

- .. Comparisnan of Partition Data of DOWTHERM A, PCB, ané DDT

-

Partition Coefficient Reference

L Diphenyl'Oxide_ o 1 x 10% - 7+ pet. by Pral. Lab

- DDT o 1 x 10° 0 13
IPCB C ce.l -1 x 10% T TEE - S 14
.Diphen?l CET 1 x. 104 ".:- © Det. by Anal. Lab .

- c T

-
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Iith reqard to a massxve spxll of DOWTHERH A a coxrentratxon
gradient runnxng fromw 100% saturation to almost nothlng would be T
ickly set up.! Undoubtedly, aquatic lite exposed to concentra-

txons above those listed in Table II would be killeé¢ or injured.
The rate of dxssxpatxon w111 depend on all of thuse factors pre-
vxously mentxoned flow rate of water, partltxonlng, degradatxon,
etc. ..In such a situatzon there will be some death but an irre-
.ver:xble change in the ecocgystem should not occur.. This latter
statement 1: supported by Eowards.lﬁz He c1a1ms there 1s good

: 1ndxcat10n3 that when aquatzc organxsms are kxlled by a large local

;{f appliéatxon of 1nsect1cxdes there 15 usu«llz a rapxd repopulatxon.f-
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CDNCLUSIOhS AND RECOMMEHDATIONS
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. For the sltuatlon assoc1atejvw1th a slow 1eak of DOWThERM =

.:5 A . 1n the range of 25 lbs/day xnto a.qtream with a minimam flow of

00 cu ft/sec there should be no adverse €: ¢ % cn the ecosystem.

;J' ‘i¢v~2-. Conditions that exceed these 1:11taL‘ons should be exa- ffl
mined car~fully. "‘"i‘ 'HC"Ljfg€%§~1j-' ;,, B ,;- .

3. Accidental spllls of any major: chemxcal shou’é not occur.,
It is not only bad econcmics, 1t is oad ecoloqxcally.' At best
the plant sites should be diked in order that such a spill can be
contained and the mJcterial Zdissipated ané degraded before allowing
it to enter the stream. If such an accident does occur we can only
speculate on the effect. 1If the f£pill occurs on a major river with
a large flow of water the chances of any adverse effect are mini-
mized. | - ;
. 4. We recommend t'.at the predicted movement between air,

wﬁter, and soil be verified experimantally. Tht!s becomes very

xmportant as the use of DOWTHERM A incr 's. We esgtimate S$7,000
for. the cost of such a study.’ '. ‘
i‘l"-; 5. The metabclic and accumulction pattern in aquatic species

g¢hould be investigated and comparcd with the PCBs. This type of .

study would be best undertaken with labeled material. The accumu-

LT T - T RR321L1 G
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cost for an accumulatlon study is $10 000—12 OOO ”:~.,--u, .

oo 6. Inm vg.ew of the tendency of this materlal to enter the .
Tair environment a stud) should be initiated to xr\’sthate the
rate of degradation by ultra viclet light.- - -:f“i._

7. For the case of a chock load, we will work out the _
mazthematics to characterize tne profilé o0f the wave of concentra-
.tzon as it goes down the stream under d1ff°rent 1n1t1a1 conditions.
Thxs should glve us some idea of what shock loacs dlffcrent streams

can stand without an adverse effect on’the ecosystem., Jug --vdf‘

'1

-CL;Q}‘S Any research or other plans to produce a: oerlvatlve of
. a.t- -;(u_a*l ,5.--'

"these compounds whxch 1c'more ¢fablé chemlcally bhould be exa-_gij'

-~

Y-l e -

mined wlth a jaundxced eye as 1: WlLl surely lead'to much greater
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